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THE PROTEINS IN PEMPHIG[JS VULGARIS*
II. ELECTROPHORETIC ANALYSIS OF THE PROTEINS IN THE BLISTER
FLUID OF PATIENTS WITH PEMPHIGUS VULGARIS
WALTER F. LEVER, M.D.
In a previous paper (1) electrophoretic analyses of the proteins in the blood
serum of 8 patients with pemphigus vulgaris acutus and 7 patients with pemphi-
gus vulgaris chronicus were reported. In 8 of the 15 patients electrophoretic
analyses were carried out also on blister fluid. These data will be presented in this
paper and will be compared with the electrophoretic data obtained on the cor-
responding blood sera.
A few reports have appeared in the literature concerning the concentration of protein
in blister fluid. Electrophoretic analyses of blister fluid, however, have so far not been
reported. Perutz and Klein (2) analyzed the protein concentration in 13 blisters of which 8
were spontaneous and 5 were cantharides blisters. None of the blisters were from patients
with pemphigus. In each case the concentration of protein was lower in the blister fluid
than in the corresponding blood serum; on the average the protein concentration in the
blisters was 65 per cent of that in the blood serum.
Cornbleet (3) examined the concentration of protein in 17 cantharides blisters and in 2
spontaneous blisters of which one was caused by dermatitis herpetiformis and the other
by a burn. He found that the average protein concentration in these blisters was 63 per
cent of that in the corresponding blood serum.
Starck (4), and Petersen and Schønheyder (5) reported the protein concentration in the
blister fluid of 2 patients with dermatitis herpetiformis. In the first case the protein con..
centration in the blister fluid was 94 per cent and in the other case 82 per cent of the protein
concentration in the corresponding blood serum.
Lever and Talbott (6) compared the protein concentration in the blister fluid and in the
blood serum of 3 patients with pemphigus vulgaris acutus and 8 patients with pemphigus
vulgaris chronicus. In the 3 patients with pemphigus vulgaris acutus the concentration of
protein in the blister fluid averaged 93 per cent of that in the corresponding blood serum,
while in the 8 patients with pemphigus vulgaris chronicus this value was 68 per cent. In
one patient with pemphigus vulgaris acutus the protein concentration was slightly higher
than in the blood serum.
Percival and Hannay (7) found in 2 cases of pemphigus vulgaris the concentration of
protein in the blister fluid to be 89 and 82 per cent, respectively, of the concentration
in the blood serum. In one case the albumin—globulin ratio was determined by the Howe
method in the blood serum as well as in the blister fluid. The ratio was 1.83 in the blood
serum and 1.22 in the blister fluid.
EXPERIMENTAL
Blister fluid was examined in 4 patients with pemphigus vulgaris acutus and
in 4 patients with pemphigus vulgaris chronicus.
* From the Department of Dermatology, Harvard Medical School and the Dermatologic
Clinic of the Massachusetts General Hospital, Boston, Mass.
This study was supported by the Harry Helfman Pemphigus Research Grant.
* Read in part before the Tenth Annual Meeting of the Society for Investigative Derma-
tology, Atlantic City, New Jersey, June 12, 1949.
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The differences in the clinical appearance between pemphigus vulgaris acutus
and pemphigus vulgaris chronicus have been previously described (8). It is
worth noting that in patients with pemphigus vulgaris chronicus adequate
amounts of blister fluid could, as a rule, be readily obtained because in this form
the blisters usually are large and tense and do not break easily. On the other
hand, in patients with pemphigus vulgaris acutus, it often was difficult to obtain
blister fluid in adequate amounts because in this type the blisters tend to be
small and flaccid and break soon after they arise. It was necessary in these
patients to collect blister fluid over a period of several days in order to obtain
the 5 to 6 ml. of fluid that are usually necessary for an electrophoretic analysis.
In patients who were in a far advanced stage of pemphigus vulgaris acutus it
was usually impossible to obtain blister fluid in sufficient amounts, because in
that stage the epidermis tends to detach itself from the underlying corium with-
out the formation of a blister.
Of the 4 patients with pemphigus vulgaris acutus 1 was male and 3 were female.
Three were Jewish. Three of the patients have died, while 1 is still alive.
Of the 4 patients with pemphigus vulgaris chronicus 2 were male and 2 female.
Two were Jewish. All 4 patients are living.
METHODS
For the analysis, blister fluid was collected in a test tube and allowed to clot.
After about 30 minutes the material was centrifuged and the supernatant fluid
removed. This fluid was then stored in a deep freeze refrigerator at —20°C.
up to the time of the electrophoretic analysis.
The electrophoretic analyses were carried out in the apparatus designed by
Tiselius.
RESULTS
Total protein. The concentration of the total protein in the 17 blister fluids
examined varied from 1.20 to 5.70 Gm. per 100 ml. of blister fluid. However, the
concentration exceeded 3.4 Gm. per 100 ml. in all but 3 blister fluids. In the latter
3 blister fluids the protein concentration was only 1.20 Gm., 2.07 Gm. and 2.71
Gm. per 100 ml., respectively. These low values were due to the fact that in these
3 patients blister fluid had to be collected from blisters located on the hands and
feet, which were the only areas in which intact blisters were present. Blisters
located in dependent areas can be expected to contain a large proportion of
edema fluid which, as a rule, has a low concentration of protein.
Disregarding these 3 low values, a comparison of the values for total protein
obtained in the blister fluid and those obtained in the blood serum revealed that
in the patients with pemphigus vulgaris acutus the concentration of total protein
in the blister fluids was, on the average, 77 per cent of the concentration in the
corresponding blood serum. In the patients with pemphigus vulgaris chronicus
this value was 75 per cent. In 1 patient with pemphigus vulgaris acutus the con-
centration of protein was slightly higher in the blister fluid than in the corres-
ponding blood serum (Table 1, determination 5).
TABLE 1
Comparison of the electrophoretic data obtained on blister fluid and on the corresponding
blood serum
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tein
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% of % of
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pro- pro-tein tein
Normal average in blood serum
I Serum 6.80 55.01 5.01O.0 15.0 4.0111.01
Peniphigus vulgaris acutus
2 Ca. 1 Jan.18
Jan. 19, 20, 21
Serum
Blister
5.7745.1
4.4548.1
8.7
7.4
16.6
12.5
15.3
11.3
4.8
5.4
9.4
10.1
.77
2 Jan.27
Jan. 25, 28
Serum
Blister
6.7046.5
5.2548.7
7.7
7.5
16.4
17.6
15.2
7.1
3.1
7.6
11.2
11.5
.78
3 Feb.14
Feb. 13, 15
Serum
Blister
5.90
2.71
26.8
29.6
16.9
17.1
19.9
18.0
16.0
9.7
4.5
9.7
15.9
15.6
(.46)
3 Lu. 4 Jan.17
Jan. 19,20,21
Serum
Blister
3.60
1.20
27.0
29.6
20.7
25.5
22.9
23.5
12.2
7.1
6.6
2.4
10.1
11.9
(.33)
7 Ka. 5 Mar.7
Mar. 7, 8, 10
Serum
Blister
5.05
5.25
29.3
29.7
14.6
13.0
15.5
15.9
19.8
15.0
4.3
10.1
16.4
16.4
1.04
8 Re. 6 Jan.31
Jan.31,Feb,1,2
Serum
Blister
5.63
3.78
30.2
31.5
13.4
12.9
13.6
13.4
14.4
11.8
4.7
9.6
23.7
20.8
.67
7 Feb.17
Feb.17
Serum
Blister
6.00
3.55
25.4
28.0
9.8
9.7
11.4
13.9
15.6
12.6
7.5
10.1
30.1
25.6
.59
Pemphigus vulgaris chronicus
10 Fo. 8 Aug.3
Aug. 3,5
Serum
Blister
7.10
5.30
44.2
41.3
8.1
7.1
16.7
15.4
17.2
14.0
2.2
10.4
11.6
11.8
.75
9 Aug.30
Aug.27
Serum
Blister
6.34
5.40
46.6
45.8
6.9
8.2
15.2
11.1
16.5
15.0
3.4
8.4
11.5
11.5
.85
11 Th. 10 Dec.15
Dec. 16,17
Serum
Blister
6.40
5.70
55.9
58.3
5.5
4.9
9.2
7.3
13.1
10.9
5.1
5.7
10.3
12.7
.89
11 Jan.13
Jan. 12,13,15
Serum
Blister
7.30
5.68
46.0
45.9
6.4
7.4
9.2
8.4
17.0
16.4
4.4
4.3
16.8
17.6
.78
13 Le. 12 Feb.14
Feb. 11,14,18
Serum
Blister
6.60
4.80
54.0
55.3
6.7
8.8
9.9
7.9
17.2
15.4
4.3
4.4
7.9
8.4
.73
13 Feb.28
Feb.28,Mar.2
Serum
Blister
5.61
4.05
47.0
48.3
10.1
9.1
12.8
13.6
16.0
11.9
3.8
5.1
10.2
12.0
.72
14 Mar.28
Mar. 26, 29
Serum
Blister
4.65
3.40
31.2
37.1
14.2
11.7
14.9
14.2
15.9
13.5
6.9
7.0
16.8
16.4
.73
15 April15
April15
Serum
Blister
5.76
3.62
30.4
30.7
11.7
11.3
12.9
12.7
17.9
17.3
6.8
8.3
20.3
19.7
.63
16 April18
April18
Serum
Blister
6.85
4.70
30.5
33.5
10.1
12.5
13.4
16.5
17.7
13.5
6.8
5.6
21.5
18.5
.69
14 Wa. 17 Mar.21
Mar.21
Serum
Blister
6.85
2.07
53.1
56.2
5.5
4.4
7.7
10.0
14.4
8.6
3.7
4.0
15.6
16.8
(.30)
* This represents the number assigned to each patient in the preceding paper (1).
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Elect rophoresis. Electrophoretic analyses revealed in all instances a great simi-
larity between the electrophoretic pattern of the blister fluid and that of the cor-
responding blood serum. Patients who had a normal electrophoretic pattern in
the blood serum showed an essentially normal electrophoretic pattern also in
the blister fluid. Any major abnormality in the electrophoretic pattern of the
blood serum was apparent also in the pattern of the corresponding blister fluid.
Examining the data in the table, it will be seen that the blister fluid showed an
essentially normal pattern in the 3 patients on whom blister fluid was obtained
at a time when the blood serum had a normal electrophoretic pattern (Determina-
tions 10, 12 and 17; fig. 1). Patients in whom the pattern of the blood serum
A a1 a2 y A a1 a2 y
Fia. 1. DESCENDING PATTERNS OF THE BLOOD SERUM (LEFT) AND OF THE CoRRESPoNDING
BLISTER FLUID (RIGHT) OF PATIENT 11
Both patterns are normal. (For exact data see Table 1, determination 10.)kL
A a1 a2 f y A a1 a2/, r
Fxa. 2. DESCENDING PATTERNS OF THE BLOOD SERUM (LEFT) AND OF THE CORRESPONDING
BLISTER FLUID (RIGHT) OF PATIENT 2
The albumin is slightly decreased and the a-2 globulin is slightly increased. (For exact
data see Table 1, determination 2.)
showed a slight to moderate decrease of the albumin with a corresponding in-
crease either in the a globulins (Determinations 1, 2, 8, 9, 13, 14, 15 and 16;
fig. 2) or in the 'y globulin (Determinations 11, 14, 15 and 16) revealed the same
changes in the blister fluid.
Four patients were examined during the advanced stage of pemphigus vul-
garis acutus. They showed a very low albumin not only in the blood serum but
also in the blister fluid (Determinations 3 to 7). Three of these patients showed
in the blood serum associated with the low value for albumin high values for the
a-i and a-2 globulins. Similarly, the blister fluids of these patients showed high
values for the a globulins. (Determinations 3, 4 and 5; fig. 3.) The fourth patient
showed in the blood serum associated with the low value for albumin a high
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value for 'y globulin. This was observed also in the blister fluid (Determinations
6 and 7; fig. 4).
In spite of this rather striking correlation between the electrophoretic pattern
of blister fluid and that of the corresponding blood serum it was found that in
all but 3 determinations the relative concentration of albumin was slightly higher
in the blister fluid than in the blood serum. Similarly, the relative values for
9-2 globulin tended to be slightly higher in the blister fluid than in the blood
serum. On the other hand, the relative values for 3-1 globulin were in all instances
slightly lower in the blister fluid than in the corresponding blood serum. On
comparing the peaks in the electrophoretic patterns of the blister fluids with
Fia. 3. ASCENDING PATIERNS OF THE BLooD SERUM (LEFT) AND OF THE CORRESPONDING
BLISTER FLUID (RIGHT) OF PATIENT 7
The albumin is decreased and the a-i and a-2 globulins are increased. The pattern of the
blister fluid shows a $-2 peak which is absent in the pattern of the blood serum. (For exact
data see Table 1, determination 5.)
Aa1a2A y Aa1a2/31f327
Fia. 4. DESCENDING PAUPERNS OF THE BLOOD SERUM (LEFT) AND OF THE CORRESPONDING
BLISTER FLUID (RIGHT) OF PATIENT 8
The albumin is decreased, while the a-i, the a-2 and the y globulins are increased. The
pattern of the blister fluid shows a $-2 peak which is absent in the pattern of the blood
serum. (For exact data see Table 1, determination 6.)
those of the corresponding blood sera it was noted that in several instances the
$-2 globulin appeared in the pattern of the blister fluid as a small peak, whereas
in the pattern of the blood serum it was represented merely by a plateau that
filled in part the valley between the 9-l peak and the y peak (figs. 3 and 4).
DISCUSSION
The observations that in patients with pemphigus vulgaris the concentration
of total protein was generally lower in the blister fluid than in the corresponding
blood serum, whereas the relative amounts of the various proteins were very
similar in both suggests that the blister fluid in patients with pemphigus vulgaris
7 $ a2 a1 A 7 $A'2 a1 A
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consists essentially of blood plasma diluted with interstitial fluid. Interstitial
fluid is known to contain only small amounts of protein (9).
That the relative amount of albumin was found, in all but 3 determinations,
slightly higher in the blister fluid than in the blood serum may be due to the
fact that albumin, on account if its small molecular size of 69,000 and its high
electrical net charge (10), migrates with greater ease than other proteins through
the capillary wall. The slightly lower relative concentration of 9-1 globulin in
the blister fluid, which was observed in all instances, may be explained on a
similar basis: An important member of the -1 globulin fraction is 3-1 lipoprotein
which possesses a molecular weight of about 1,300,000 (11). It is likely that this
protein on account of its large molecular size encounters greater difficulties than
other protein molecules in migrating through the capillary wall.
Although the relative concentration of albumin was, as a rule, slightly greater
in the blister fluid than in the blood serum, the difference was much too small to
be regarded as a selective loss of albumin through the blister fluid and to serve
as an explanation for the considerable reduction of the albumin which exists,
in contrast to the fairly normal globulin values, in the blood serum of patients
in the advanced stage of pemphigus vulgaris acutus. Actually, all protein frac-
tions are lost in considerable amounts through the blisters and oozing skin sur-
faces; but, whereas the globulins are regenerated in adequate amounts, the human
organism is apparently incapable of regenerating albumin at the rapid rate at
which it is lost (1).
SUMMARY
Total protein determinations and electrophoretic analyses were carried out
on blister fluid and on the corresponding blood sera of 8 patients with pemphigus
vulgaris.
The concentration of the total protein was, with one exception, lower in the
blister fluid than in the corresponding blood serum.
The electrophoretic pattern of blister fluid resembled that of the blood serum
in all instances. Any maj or abnormality in the pattern of the blood serum was
apparent also in the pattern of the blister fluid.
In spite of the close correlation between the patterns of blood serum and blister
fluid, the albumin and the 3-2 globulin were usually slightly higher and the 3-1
globulin slightly lower in the blister fluid than in the corresponding blood serum.
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DISCUSSION
Dr. Marie H. Berg: (Ann Arbor, Mich.): I can confirm to a great extent the
excellent research Dr. Lever has done in electrophoresis. In my studies with
electrophoresis on patients with pemphigus, dermatitis herpetiformis, and some-
times even erythema multiforme, we have essentially the same findings. The
albumin is relatively very low; in a few cases the albumin returns to more nor-
mal levels. But we have one finding which still puzzles us very much. We find
the boundary especially marked in the descending side and moderate, resembling
somewhat previously observed false boundaries reported. But the persistence of
these boundaries and return of fresh blood in patients with pemphigus and
dermatitis herpetiformis makes us wonder if we have something resembling the
findings of Watson in anthrax infections.
Dr. Geoffrey Rake: It would seem to me that there are certain important facts
to be derived from this study which come out of the globulin part of the patterns
shown by Lever. Those of us working in the virus field, and particularly those
who have had their attention turned to virus diseases of the skin, have for the
most part played around with pemphigus, and I must confess I have done that
too. I spent 15 months working on the problem and ended with nothing at all.
Later, going back over the published work on pemphigus I came to the conclu-
sion that pemphigus was probably not an infectious disease. I know I stick my
neck out on that point, but in looking at the globulin patterns shown by Dr.
Lever, particularly in chronic cases, I am very much encouraged. I cannot be-
lieve, unless there is something completely wrong with the globulin formation
in these patients, that you can get such globulin patterns from the type of infec-
tious diseases usually encountered.
Closing Discussion by Dr. Lever: I have never observed this fast moving bound-
ary which Dr. Berg has just described. Perhaps I have not watched for it and
I shall do so from now on.
In regard to Dr. Rake's remark, it is true that a high value for gamma globulin
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is observed in most chronic infectious diseases, but it is not necessarily an indi-
cation that a disease is infectious. I have found, on electrophoretic analysis,
in most patients with long-standing generalized exfoliative dermatitis high values
of gamma globulin. In these patients the high gamma globulin probably is an
expression of the allergic state in which these patients are. Furthermore, in
acute systemic lupus erythematosus we have observed high values for gamma
globulin; and yet, the striking response of this disease to adrenocorticotropic
hormone (ACTH) is somewhat against an infectious origin of lupus erythema-
tosus.
